Induction of oxidative stress and DNA damage in rat brain by a folate/methyl-deficient diet.
The age-associated decline in cellular antioxidant defenses and resultant accumulation of DNA damage in central nervous system has been mechanistically implicated in the etiology and pathogenesis of neurodegenerative diseases. Neurons possess a high metabolic activity and are especially vulnerable to the long-term effects of continuous exposure to endogenous reactive oxygen species. It is well recognized that adequate availability of essential nutrients involved in cellular one-carbon metabolism is essential for normal brain development and function. Additionally, the synthesis of the primary low-molecular cellular antioxidant glutathione is inter-dependently linked to one-carbon metabolic pathway. Thus, any aberrant disruptions in one-carbon metabolism can result in potentially deleterious effects including cell death as a result of an imbalance in the cellular redox state. Hence, in the present study, we examined the long-term effects of a folate/methyl-deficient (FMD) diet on cellular antioxidant defenses and DNA damage in the rat brain. Feeding male Fisher 344 rats a FMD diet resulted in perturbations in the levels of one-carbon metabolites along with induction of oxidative stress and oxidative DNA damage in the brain. This was evidenced by a decrease in the reduced oxidized/glutathione ratio, imbalance of cellular antioxidant defense system; specifically, altered activity and expression of antioxidant enzymes Mn-containing superoxide dismutase (Mn-SOD), catalase, and glutathione peroxidase (GPX), increased accumulation of oxidative DNA lesions, 8-hydroxydeoxyguanosine (8-OH-dG) and DNA single-strand breaks, even in the presence of increased expression of critical DNA repair genes apurinic/apyrimidinic endonuclease 1 (Apex1) and DNA polymerase beta (Polbeta), and apoptosis in the brains of folate/methyl-deficient rats. These results indicate that chronic methyl group deficiency leads to an imbalance in cellular antioxidant defense systems, increased oxidative stress, and apoptosis. Any of these events may compromise normal central nervous system function and contribute to the development of various neurological, behavioral, and neurocognitive dysfunctions.